Background: Globally, populations are ageing, creating challenges for trauma system design. Despite this, little is known about causes of injury and long-term outcomes in older injured patients. This study aims to describe temporal trends in the incidence, causes and functional outcomes of major trauma in older adults.
Introduction
Globally, populations are ageing, creating challenges for health systems 1 . Advances in medical care and improved lifestyle factors have resulted in increased longevity, better health and a more active older population. In Australia, the proportion of people aged 65 years or more is projected to grow from the current 15 per cent (3⋅5 million people) to 21 per cent (8⋅4 million people) by 2054 2 . This proportional growth in older persons has often been termed the 'silver tsunami' 3 .
Major trauma has typically been considered a disease of the young, but the mean age of patients with major trauma has increased over time, creating challenges for trauma system design 4 . Data from the UK Trauma Audit Research Network (TARN) demonstrated that the proportion of patients with major trauma aged 75 years and older increased from 8⋅1 per cent in 1990 to 26⋅9 per cent in 2013 4 . Compared with younger adults with major trauma, older patients have higher mortality rates, longer hospital and ICU stays, and are more commonly discharged to a nursing home 5, 6 . It is thought that these poorer outcomes relate to age-related physiological changes, and higher rates of pre-existing co-morbidity and complications 5, 7 .
Previous studies have commonly focused on mortality following major trauma in older persons 6, 8, 9 and, as demonstrated in a recent systematic review 10 , there is limited information on the long-term outcomes in older injured patients. The aims of this study were to describe temporal trends in the incidence, causes and functional outcomes of major trauma in older adults in Victoria, Australia.
Methods

Study design
Patients with major trauma, with a date of injury between 1 January 2007 and 31 December 2016, were identified from the Victorian State Trauma Registry (VSTR). Older persons were defined as those aged 65 years or more, consistent with previous research 2, 11, 12 .
Setting
The state of Victoria, Australia, has a population of 6⋅2 million people 13 . The Victorian State Trauma System is an inclusive, organized trauma system that was implemented between 2000 and 2003 14 , with three hospitals (2 adult, 1 paediatric) designated as major trauma services. A single ambulance service provides road and air (fixed-wing and helicopter) transport of patients.
Victorian State Trauma Registry
The population-based VSTR collects data on all patients hospitalized with major trauma in Victoria 8 . A patient is trauma-receiving hospitals in Victoria. Ethics approval for the present study was received from the Monash University HREC.
Functional outcome
Functional outcome was measured using the Glasgow Outcome Scale -Extended (GOS-E). The GOS-E classifies patients into eight levels of function 15 : a GOS-E score of 1 indicates death, 2 indicates a vegetative state, 3 or 4 indicates lower or upper severe disability, 5 or 6 indicates lower or upper moderate disability, and 7 or 8 indicates lower or Values in parentheses are percentages. *Data missing (lost to follow-up) for 1122 patients. In-hospital deaths were included in the analysis and coded as Glasgow Outcome Scale -Extended (GOS-E) score 1. †χ 2 test.
upper good recovery. GOS-E scoring takes into consideration self-care, activities of daily living, community participation, social and leisure activities, relationships, cognition and work. The GOS-E can be administered by proxy (for instance by next of kin or carer where direct contact with the patient is not possible) and is recommended for measuring long-term outcomes of patients with major trauma 16, 17 .
Statistical analysis
Postcodes of residence were mapped to the Accessibility/Remoteness Index of Australia (a geographical index of remoteness) and the Index of Relative Socioeconomic Advantage and Disadvantage (which ranks areas in Australia according to relative socioeconomic advantage and disadvantage). Patients' co-morbid status was defined using the Charlson Co-morbidity Index (CCI), mapped from ICD-10-AM codes 18 -20 , with a CCI of zero representing no CCI condition.
Population-based incidence rates, and 95 per cent confidence intervals, were calculated for each year based on the total population on 30 June for the years 2007-2016. Population estimates for Victoria for each year were obtained from the Australian Bureau of Statistics 13 . Individual Poisson regression models were used to determine whether the incidence rate increased or decreased over the 10-year period for all older adults with major trauma and for each age group. Data were checked for potential overdispersion (variance greater than the mean) to ensure that the assumptions of a Poisson distribution were met. Incidence rate ratios (IRRs) and 95 per cent confidence intervals were calculated. Patients who sustained injury outside Victoria and were subsequently transported to Victorian hospitals were excluded from incidence calculations.
For specific subanalyses, the GOS-E at 12 months after injury was dichotomized as lower moderate disability or better (GOS-E score 5 or more, termed 'independent living') or upper severe disability or worse (GOS-E score of 4 or less). In-hospital deaths were coded as a GOS-E score Comparisons between age groups were made using the χ 2 test or the Mann-Whitney U test, as appropriate, using Stata ® version 14.2 (StataCorp, College Station, Texas, USA). P < 0⋅050 was considered significant.
Results
Over the 10-year study period, 9250 cases of major trauma in older adults were recorded. These patients were mostly men (55⋅6 per cent), in the highest quintile for socioeconomic advantage (31⋅6 per cent), lived in major cities (77⋅6 per cent), and had injuries resulting from unintentional events (97⋅7 per cent), most of which occurred in the home (47⋅8 per cent) ( Table 1) . Low falls were the most common mechanism of injury (62⋅5 per cent), followed by transport-related events (22⋅2 per cent) and high falls (9⋅5 per cent). Of major injury resulting from low falls, 59⋅7 per cent occurred in the home, 19⋅7 per cent in residential institutions, 7⋅0 per cent on the street, 2⋅8 per cent while in hospital and 10⋅8 per cent in other locations.
With increasing age, the proportion of injured women increased, the proportion of events resulting from transport events and high falls decreased, and the proportion of events resulting from low falls increased ( Table 1) . Women represented 22⋅6 per cent of patients with major trauma at age 65 years, increasing to 65⋅5 per cent at 95 years of age (Fig. S1, supporting information) . The proportion of patients who had definitive care at a major trauma service was 81⋅1 per cent in 65-74-year-olds, 72⋅3 per cent in 75-84-year-olds and 58⋅6 per cent in those aged 85 years or above ( Table 1) .
Temporal trends
The proportion of patients with major trauma who were aged 65 years or more increased from 25⋅1 per cent in 2007 to 36⋅7 per cent in 2016 (Fig. 1) . The number of older adults with major injury increased from 572 in 2007 to 1217 in 2016. The incidence of major trauma in older adults increased by 4⋅3 per cent per year (IRR 1⋅043, 95 per cent c.i. 1⋅035 to 1⋅050; P < 0⋅001) (Fig. 2) . This rate was greater than in those aged 15-64 years, in whom the incidence In-hospital mortality, 12-month mortality and 12-month functional outcomes after major trauma according to age. Non-independent living was used for functional outcome, defined as a Glasgow Outcome Scale -Extended score of 4 or less. Values shown at 100 years include all patients with major injury aged 100 years or more increased by 0⋅8 per cent per year (IRR 1⋅008, 1⋅003 to 1⋅013; P = 0⋅004). The incidence of major trauma increased in all older age groups: 4⋅1 per cent per year in those aged 65-74 years (IRR 1⋅041, 1⋅027 to 1⋅055; P < 0⋅001), 4⋅4 per cent per year in those aged 75-84 years (IRR 1⋅044, 1⋅032 to 1⋅057; P < 0⋅001) and 4⋅7 per cent in those aged 85 years or more (IRR 1⋅047, 1⋅033 to 1⋅061; P < 0⋅001) (Fig. 3) . Increases in the incidence of major trauma in older adults were observed for low falls (IRR 1⋅047, 95 per cent c.i. 1⋅037 to 1⋅056; P < 0⋅001), high falls (IRR 1⋅035, 1⋅011 to 1⋅060; P = 0⋅004) and transport events (IRR 1⋅040, 1⋅024 to 1⋅056; P < 0⋅001) (Fig. 2) .
Outcomes following major trauma
The in-hospital mortality rate for older adults with major injury was 25⋅6 per cent, rising from 13⋅2 per cent in people aged 65-74 years to 39⋅2 per cent in those aged 85 years and older ( Table 2) . Most patients who survived to discharge were discharged to a rehabilitation facility (53⋅7 per cent) or home (30⋅5 per cent) ( Table 2 ). A greater proportion of patients aged 65-74 years were discharged home compared with older age groups.
At 12 months after injury, 87⋅8 per cent of older adults with major trauma had completed a valid GOS-E. Compared with those followed up, patients lost to follow-up had a lower proportion of unintentional events, a greater proportion of events resulting from transport crashes and high falls, and a greater proportion of events that occurred in the home (Table S1 , supporting information). Of patients with a valid GOS-E completed at 12 months after injury (including in-hospital deaths), 34⋅2 per cent were classified as living independently and 41⋅8 per cent had died ( Table 3) . Of those who survived to hospital discharge, 47⋅8 per cent were living independently at 12 months after injury. There were clear age-related differences in functional outcomes at 12 months after injury ( Table 3 and Fig. 4) . The proportion of patients who had a lower or upper good recovery (GOS-E score 7 or 8) decreased from 37⋅7 per cent in people aged 65-74 years to 23⋅7 per cent in those aged 75-84 years and 8⋅6 per cent in those aged 85 years or more.
The rates of in-hospital mortality, 12-month mortality and 12-month functional outcomes were relatively stable in patients aged 16-64 years (Fig. 5) . A sharp and consistent increase in poor outcomes was observed in patients older than 65 years. Of patients aged 85 years, 52⋅5 per cent had died at 12 months after injury and 81⋅2 per cent were not living independently (Fig. 5) . At age 90 years, 69⋅3 per cent had died at 12 months after injury and 91⋅7 per cent were not living independently.
Discussion
This study investigated the epidemiology and long-term outcomes of major trauma in older persons over a 10-year period. The absolute number of such patients more than doubled, and there was an increase in the proportion of patients with major trauma aged 65 years and older, from 25⋅1 per cent in 2007 to 36⋅7 per cent in 2016. At 12 months after injury, 41⋅8 per cent of older adults with major trauma had died and, of those who survived to hospital discharge, 52⋅2 per cent were not living independently.
These findings of a shift in the age profile of major trauma are consistent with changes observed in the UK. Kehoe and colleagues 4 demonstrated an increase in the proportion of patients with major trauma aged 75 years or above, from 8⋅1 per cent in 1990 to 26⋅9 per cent in 2013. Similarly, Dinh and colleagues 11 observed an increase in the proportion of patients with major injury aged 65 years and older, from 20 per cent in 1991 to 33 per cent in 2010, at a single trauma centre in Australia. Although these previous studies did not account for population changes, the present authors have demonstrated that these increases far outweigh population growth.
There are numerous possible explanations for the observed increase in the incidence of major trauma in older persons. CT is increasingly being used in the primary assessment of injured patients. In the UK, the proportion of patients with major trauma who underwent CT increased from 34 per cent in 1990 to 87 per cent in 2013 4 . The increased use of CT may have led to greater detection of injuries that may have been missed previously, and therefore to an increase in the proportion of patients classified as having major injury. In addition, the initial referral, assessment and expectations of treatment for older persons have changed. Falls in residential care and the community in frail older persons are now routinely assessed with CT, independent of the likely clinical intervention and benefit. Further research is required to understand whether a proportion of the observed increases in older adult major trauma are linked to this improved injury detection. Few previous studies have described long-term outcomes following trauma in older adults 10 . Of these, most focused on hip fracture or traumatic brain injury 10 . In addition to high rates of in-hospital mortality, the present study demonstrated that 41⋅8 per cent of the older adult major trauma population had died and 65⋅8 per cent had an unfavourable outcome at 12 months after injury. Gabbe et al. 21 previously showed that functional outcomes decline the longer the time after injury, particularly in those aged 75 years or more.
Given the shift in major trauma to a greater proportion of older adults, it must be ensured that trauma systems are adapted to these changes. It is known 22 -24 that the physiological response to trauma in older adults is different from that in younger adults, and prehospital triage tools need to reflect this. In the present study, as the age of the patient increased there was a decrease in the likelihood of the patient being managed at a major trauma service. This may be explained by patients being critically unwell and/or dying before interhospital transfer, but there may also be a degree of undertriage in older persons -a factor that has been observed in other settings 12 . It is essential for trauma clinicians to understand the predicted outcomes for patients with major injury following acute hospital admission, in order to target appropriate interventions and include family members in individualized treatment plans. Given the poor outcomes observed in older patients with major trauma, particularly those aged 85 years or more, aggressive interventions to ensure survival may not be appropriate for some. In patients with significant frailty and co-morbidity, the injury may represent the final pathway to death or severe disability.
Given the complex ongoing healthcare needs of older injured patients, particularly in the setting of cognitive impairment and polypharmacy, it has been suggested 25 that a comprehensive geriatric assessment may result in better outcomes. Furthermore, older patients managed at trauma centres that treat a higher proportion of older people with injury have been shown to have lower in-hospital mortality rates 26 . As a result, it has been proposed that treating these patients in trauma centres that specialize in older adult trauma may improve outcomes. Regardless, prehospital, in-hospital and postdischarge care must evolve to better meet the needs of older persons following trauma. This may include conjoint management under medical and geriatric units.
Consistent with previous studies 4, 11, 26 , this study has demonstrated that low falls are the most common mechanism of injury in older adults with major trauma. Low falls are now a major public health issue and are the leading cause of injury hospitalization in Australia 27 . Although advances in prehospital and in-hospital management of older adults with major injury may improve outcomes, the most effective method to curb the rising incidence is clearly through primary prevention activities. Interventions shown to reduce falls include group and home-based exercise programmes, home safety interventions and improved home design, and reductions in polypharmacy 28 . High falls were also observed in the present study as a common cause of major injury in older adults; these commonly result from falls from ladders 29, 30 . It is clear that effective interventions at a community and population level are warranted, and it has been suggested 29 that helmets may be required for ladder users in domestic settings.
This study is not without limitations. It focused on older patients hospitalized with major trauma and did not include prehospital deaths; there may be temporal changes in the prehospital prognostication of older adults with major trauma that were not accounted for. Furthermore, and as discussed above, some of the increases in the incidence of older adult major trauma may be explained by increased use of CT and changes in community expectations regarding the management of acute illness in the older population. This has been raised as an issue in previous studies 4 and was a factor that it was not possible to account for. Additionally, limitations of treatment orders for patients in residential and supported accommodation were not considered.
The number and proportion of identified major trauma cases in older persons are increasing rapidly and this will impact on trauma system configuration, with implications for trauma triage, reception and trauma service delivery. Given the often poor in-hospital and long-term outcomes following major trauma in older adults, there is a need to develop accurate prediction models and include patient treatment preferences in decision-making to ensure that appropriate interventions are targeted to the right patients. There are also significant opportunities to improve primary prevention activities to reduce the burden of injury in older adults.
